Possible persistence of the metal-insulator transition in two-dimensional systems at 

finite temperatures 
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For the immediate vicinity of the metal- insulator transition (MIT), data on the dependence of the 
resistivity p on the charge carrier concentration n from an Si MOSFET experiment by Kravchenko 
et al. and from an AlAs quantum well study by Papadakis and Shayegan are reanalyzed. In both 
cases, the p(T = const., n) curves for various values of the temperature T seem to exhibit an offset 
concerning n, where the related resistivity is close to h/e 2 . This offset may result from a peculiarity 
in p(T = const., n) indicating the MIT to be present also at finite T. More detailed experiments are 
imperative. 

PACS numbers: 71.30.+h,73.20.Fz,73.40.Qv 
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The metal-insulator transition in two-dimensional 
(2D) systems has been under controversial debate for 
the last years. Its existence waSpdenied by the local- 
ization theory by Anderson et alJil Thus it came as a 
big surprise when Kravchenko et al. first reported on a 
strong decrease of a with decreasing T in high mobility 
MOSFET samples. □ They considered the conduction in 
the related (T, n) region as metallic, an interpretation 
which was called in question in particular by Altshulcr 
and Maslov,0 compare also Refs. |]|]. A current review 
on this field is given in Ref. ||. 

In the context of this debate, it is instructive to com- 
pare the usual approaches to data interpretation in ex- 
perimental studies of the MIT in 2D and 3D disordered 
systems. In the 2D case, the common intersection point 
of resistivity curves, p(T = const., n), measured at vari- 
ous fixed temperatures, is often considered as indication 
of the MIT JO In this way, the critical concentration n c is 
defined by dp(T, n c )/dT\ T ^o = 0. 

In the 3D case, however, most publications do not 
pay special attention to the corresponding concentration 
value. Instead, the MIT usually is identified with the 
vanishing of the parameter a in fits of the conductivity 
<r(T, n = const.) by means of the ansatz a(n) + b(n) ■ T p , 
mostly with p — 1/2 or 1/3 according to Refs. || and 
||, respectively. For a typical such work see Ref. [Tc| . 
However, this apoeoach to locating the MIT suffers from 
inconsistencies 

An alternative, phenomenological approach to the data 
analysis for 3D systems is based on universal features 
of a(T,n), in particular on a seaJia g J aw f or the T de- 
pendence in the hopping regionJi3'l!jali§li3 see also Ref. 
|l8| . It yields several independent arguments for the MIT 
occurring when dp(T, n c )/dT|T-+o = 0, in analogy to 
the 2D case. These investigations finally lead to a phe- 
nomenological model for amorphous Sii-zCr^ simulta- 
neously describing both sides of the MIT, see Ref. [jj. 
Certain features of the model are observed also at other 
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FIG. 1: Qualitative behavior of p(T — const., n) for 3D sys- 
tems accordingto the phenomenological model developed in 
Refs. see also p. 4667 in Ref. [n] for an early ver- 
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This phenomenological model has an unusual feature: 
The MIT is expected to persist at finite T, that means 
the p(T = const., n) curves should exhibit peculiarities 
as charted in Fig. 1. Surely, such a sharp, but contin- 
uous MIT at finite T would contradict common expec- 
tations. However, some indirect evidence for this hy- 
pothesis-comes from the inspection of da /AT versus a 
plots.E3E3 Nevertheless, the situation is far from being 
clear: Detailed studies of p(T — const., n) in the n region 
where dtr/dT changes its sign are missing yet. Unfortu- 
nately, appropriate experiments as stress tuningtL3 have 
focused on another concentration / conductivity region. 

Here I examine the question whether an analogous pe- 
culiarity of p(T = const., n) might exist in 2D systems 
— of course, the related critical exponents would be ex- 
pected to have other values than in the 3D case — . For 
that I reconsider experimental data from the literature 
with a "magnifying glass". 
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FIG. 2: log-log representation of p(T = const., n) for the 
intermediate vicinity of the MIT in a high mobility MOSFET. 
Data were obtained from Fig. 1 of Ref. (?]. The dashed lines 
serve only as guide to the eye. 
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FIG. 3: log-log representation of p(T — const., n) for the 
vicinity of the MIT in an AlAs quantum well. Data were 
obtained from Fig. 2 of Ref. The dashed lines are included 
as guide to the eye. 



Results on p(T = const. .-p) from the MOSFET experi- 
ment by Kravchenko et alJZl are replotted in Fig. 2 where 
only the lowest four T values are taken into account. The 
data were reconstructed from Fig. 1 of Ref. ^by "retrans- 
lating" the Postscript file of the preprint version of this 
work, Ref. Note that I consider here only a small part 
of the original data: In Fig. 2, n and p vary by factors of 
about 1.2 and 12, respectively, whereas the original Fig. 
1 of Ref. ^ presents variations by factors of 2 and 4000, 
respectively. 

In analyzing these data, one notes strikingly large fluc- 
tuations in the region around n = 1.02 x 10 11 cm^ 2 for 
all T values considered here. Detailed inspection uncov- 
ers a more important feature: p(T — const., n) seems to 
have a special structure there, causing an offset with re- 
spect to n in the global variation of theses curves. This 
is connected with a reduction of the slope in the offset 
region. 

Remarkably, at the lower end of the related n interval, 
p is close to h/e 2 . The accuracy of the data in Fig. 2 is 
not sufficient to determine a common intersection point 
of the p(T = const., n) curves. However, it can be stated 
that, if such a point exists, it is located within the in- 
terval [0.95, 1.05] wiich includes also the "offset region". 
(Kravchenko et al.EI regard 0.96 x 10 n cm~ 2 as critical 
concentration, and claim p to have a value of about 2 h/e 2 
there. The difference between their result and my cau- 
tious estimate has two reasons: Here I focus only at the 
low-T region. Kravchenko et al. treated the possible pe- 
culiarity, discussed here, as random fluctuation of smooth 
p(T = const., n).) 

Fig. 3 shows p(T, n) data measuredLat an AlAs quan- 
tum well by Papadakis and ShayeganE 2 ]. These data were 
reconstructed by digitizing the p(T, n = const.) depen- 
dences presented in Fig. 2 of Ref. || for T = 0.30, 0.45, 
and 0.60 K. 



All p(T = const., n) curves given in Fig. 3 seem to 
exhibit a special structure between n — 0.65 x 10 11 cm -2 
and 0.70 x 10 11 cm~ 2 , causing an offset in p(T — const., n) 
with respect to n. Such an offset, provided it is not an ar- 
tifact of random errors of the n values, can only be under- 
stood in terms of a peculiarity in p(T = const., n) there, 
and / or as result of the curvature of p(T = const., n) 
changing the sign in this region. 

Moreover, two details of Fig. 3 are remarkable: At 
n = 0.65 x 10 n cm~ 2 , the lower concentration boundary 
of the offset region, the values of p are close to h/e 2 . The 
three p(T = const., n) curves intersect each other almost 
at the same point, just in the region where this special 
structure seems to be located. 

For both experiments, one could of course object that 
the emphasized features also might arise from random 
deviations in the measuring values of n and p. However, 
it seems to be very unlikely that all the following coinci- 
dences occur only by chance: 

(i) These features seem to be present for all tempera- 
tures considered. 

(ii) They are observed at data from two independent 
experiments at different kinds of samples, made up of 
different materials. 

(iii) The peculiarities have qualitatively the same form 
in both data sets. 

(iv) They occur in both cases in the same resistivity 
region, just below h/e 2 . 

(v) They are observed in both cases close to the com- 
mon intersection point of the p(T = const., n) curve set. 

It has to be mentioned that similar hints to a possible 
peculiarity could not be found in data from other related 
publications, e.g. Ref. However, this is not a strong 
objection to the above interpretation since various kinds 
of inhomogeneities may wash out the comparably small 
effect considered here. 
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Concluding, Figs. 2 and 3 together, in particular the 
offsets in both curve sets, suggest that, for a certain range 
of finite T, p{T = const., n) may exhibit a peculiarity 
close to p — h/e 2 . On the one hand, this would be a 
direct fingerprint of the still nowadays controversial MIT 
in 2D systems. On the other hand, it would indicate the 
persistence of the T = phenomenon MIT at finite T, 
in contradiction to common expectations. Further, more 
detailed measurements are urgently needed to clarify this 
fundamental problem. 
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